Statistical properties consideration of d-dimensional space leads to redefine the fundamental algebra of non-commutative geometry and to construct the excited annihilation and creation operators for a so-called "excited particles" system or quasi-particles (anyons) system. The quasi-particles algebra is given as a deformed Heisenberg algebra. By discussing the cases of dimension d and the statistical parameter ν characterizing the quasi-particles system, the obtained deformed Heisenberg algebra is a unified particles algebra. In the case of d ≥ 3 the statistical parameter ν = 0, 1, we refind the bosonic and fermionc algebras respectively. For d = 2, the unified particles algebra is the anyonic one. The latter algebra is defined as a deformed version of Heisenberg algebra extended by a polynomial in some disorder operator denoted K i and deformed in terms of statistical parameter.
Introduction
The non-commutative geometry is an approach to describe space-time [1] and the idea of this non-commutativity is quite old [2] . It was started by H. S. Snyder in 1947 . It has been investigated by many mathematicians and physicists. The theory is one of the approaches to describe the non-commutative gauge theories which are the topic of the most recent interest [3, 6] . They are described through two ways:
• The first way starts with the standard commutative gauge action and re-interpreting any product of arbitrary fields f, g ∈ ℜ 3+1 in terms of the Moyal product or called star product (f * g)(x) = e i 2 θµν ∂x µ ∂y ν f (x)g(y)| x=y , µ, ν = 0, 1, 2, 3 with θ 0i = 0, and θ ij ∈ ℜ, i, j = 1, 2, 3
• In the second approach, we re-interpret the fields as operators in the Hilbert space which provides for a representation of the fundamental algebra that defines the noncommutative geometry. The algebra was formulated originally on non-commutative analogous of Euclidean spaces without a distinguished notion of a physical time [5] .
Following the last approach and by considering models with a physical time, the noncommutative Minkowski plane was introduced in [4] and investigated in the context of non-commutative geometry in [7] , in which the space-time coordinates satisfy
with ǫ ij is the antisymmetric tensor. In the references [6] , it was found that at a particular low-energy limit of string theories, the θ ij is related to a constant antisymmetric background field B ij in the presence of a D-brane. Later, in the reference [8] , it was found that the Quantum Hall Effect is ultraviolate divergent and in [9] with non-commutative time such field theories violate unitarity and causality. But with commutative time we don't have such difficulties. Similarly, in quantum mechanics, no principal problems arise. Our goal in the present letter is to obtain an algebra describing the two-dimensional partciles (anyons) system and to find an algebra unifyning the bosonic, fermionic and anyonic algebras. We will start by redefining the fundamental algebra (1) by referring to the statistical properties of the Euclidean space. This new definition will lead to a unified algebra by considering an excitation applied on particles. The obtained particles can be called excited particles or quasi-particles as known in the fractional quantum Hall effect and they are anyons [10] . The considerable interest to these particles with fractional spin and statistics is conditioned nowdays by their applications to the theory of planar physical phenomena such as fractional quntum Hall effect (FQHE), high-T c superconductivity [11] and quantum computers [12] .
To understand what we mean by excitation in two-dimensional space, it is interesting to note that, in FQHE, the electrons don't act as a gas like they do in normal metals. They have condensed to form a new type of quantum fluid. Because electrons have a great reluctance to condense, each must first capture and combine with a quantum unit of magnetic flux. This was the proposition of Robert Laughlin [13] . The unique property of his quantum fluid is that if one electron is added, the fluid is excited creating quasi-particles that have a fraction of the charge of an electron. These are not normal particles, but just the coordinated motion of several electrons in the fluid called anyons.
In the peculiar case of statistical parameter ν ∈ [0, 1] characterizing anyonic system, the unified algebra becomes a deformed C λ -extended Heisenberg algebra. As known in the literature, the C λ -extended Heisenberg algebras involving the so-called Klein operator has been used to investigate many physical systems in the context of quantization schemes generalizing bosonic commutation relations [14] . Among these various extensions and also their deformations, we mention the generalized deformed oscillator algebras (GDOA's) [15] and the G-extended oscillator algebras [16] where G is some finite group, e.g in the case of Calogero-model G = Z λ is the cyclic group of order λ. This latter, have recently proved very useful in the context of supersymmetric quantum mechanics and some of its variants [16, 17] , and in the study of coherent states in nonlinear quantum optics [18] .
Thus, this work will be devoted to construct the unified particles algebra, in section 3, as a deformed Heizenberg algebra which unifies the bosonic, fermionic and anyonic algebras basing on the redefinition of the algebra underlying the non-commutative geometry. In section 4, the anyonic algebra will be given as a deformed version of Heisenberg algebra extended by a polynomial in some disorder operator denoted K i and deformed by a parameter χ carring the statistical properties of space. This algebra is obtained from the unified particles algebra by considering the two-dimensional space and the statistical parameter ν ∈ [0, 1]. In three or more dimensional space, ν = 0, 1, we get the bosonic and fermionic algebras respectively.
Non-commutative Geometry
The most simple example of non-commutative geometry consists of the geometric space described by non-commutative hemitian operator coordinates x i , and by considering the non-commutative momentum-momentum p i = i∂ x i (∂ x i the corresponding derivative of x i ), these operators satisfy the following algebra
with t the physical time and ∂ t its corresponding derivative. It's known that the algebra (2) allows to define the annihilation and the creation operators
which satisfy [a i , a † i ] = 1, defining the Heisenberg algebra. In the simultanuously non-commutative space-space and non-commutative momentum-momentum, the bosonic statistics should be maintained; i.e, the operators a † i and a † j are commuting for i = j. Thus, the deformation parameter θ is required to satisfy the condition
Unified Particles Algebra
To find an algebra unifying the bosonic, fermionic and anyonic algebras we start by introducing the non-commuative geometry basing on the statistical properties of the considered space as follows; defined by the coordinates x i and the momentum p i satisfying
and
with the deformation parameter is defined as
ν ∈ ℜ is a statistical parameter and ± sign indicates the two rotation directions on 2-dimensional space (for statistical properties reasons related to the nature of two-dimensional particles system). θ is a non-commutative real parameter. Now, we suggest that, in two-dimensional space, the particles are excited and they satisfy exotic statistics. So, we consider an operator ξ i as excitation operator, such that
i . We assume that ξ i satisfies the following commutation relations [ξ i , ξ
In this case, we define the annihilation and the creation operators as excited operators
such that the excitation operator ξ i is introduced in terms of statistical parameter ν and the so-called disorder operaor
with K i is given in terms of a real parameter λ and the number operator N i
We think of the suggested excitation as a phenomenon caused by the statistical properties of the non-commutative space, in which the particles are described by exotic statistics or called intermediate statistics [10] . This excitation will lead to a non-ordinary interaction. We call it a comparison interaction, statistical interaction or topological interaction since it is due to the dimension of space. This subject will be discussed in the progressing work [19] .
According to the new definition (4) (5) of the fundamental algebra, the corresponding non-commutative geometry leads to a deformed Heisenberg algebra satisfied by the excited operators (8) and defined by the following commutation relations
with I is the identity. This algebra is the deformed version of Heisenberg algerbra satisfied by the operators given in (3) . From now on, we will call it Unified Particles Algebra for arbitrary d dimension and statistical parameter ν and its particular cases discussing bosons, fermions and anyons are treated in the following section. Now to proof that the algebra (10) is a unifying algebra of bosonic, fermionic and anyonic algebras we have three cases to discuss; in three or more dimensions, the statistical parameter ν takes the values 0 or 1 and in two-dimension is arbitrary real number. Let us have look at the obtained algebra (10) in these cases.
Bosonic Algebra:
In the case of d ≥ 3 and ν = 0 we have χ = 1 and ξ i = ξ † i = I and the commutation relations in the algebra (10) becomes
These relations define the bosonic algebra. Fermionic Algebra: For d ≥ 3 and ν = 1 we have χ = −1 and ξ i + ξ
Then the algebra (10) becomes
Thus, the fermionic algebra is refound. Anyonic Algebra:
In two-dimensional space, the algebra (10) is anyonic one for arbitrary real statistical parameter. For a special case, we consider the statistical parameter ν ∈ [0, 1]. By using, the Taylor expansion to the operator ξ i , the first commutation relation in the algebra (10) is rewritten in this form
where
with m ∈ ℜ is even and n ∈ ℜ odd such that n, m ≤ λ − 1 and the coeffecients κ ν,ℓ and κ ν,k are given in terms of statistical parameter as follows
and the last two commutation relations of (10) become
Also, we get
The relations of (14), (16) and (17) define a Deformed C λ -Extended Heisenberg Algebra on two-dimensional non-commutative space, where C λ is a cyclic group
since the commutation relations of the algebra appeared in a deformed version of C λ -Extended Heisenberg Algebra known in the literature [15, 16, 17] . Also it is called anyonic algebra since it describes the quasi-particles living in two-dimensional space with arbitrary real parameter ν ∈ [0, 1]. Then, we proved that, the deformed Heisenberg algebra (10) is the unified particles algebra for any dimension d. For d = 2, the statistical parameter ν is arbitrary real parameter and the algebra describes anyonic system. If d ≥ 3, ν = 0 the algebra describes bosons and for ν = 1 describes fermions.
Conclusion
To conclude, let us say we started by a new definition of the fundamental algebra underlying the non-commutative geometry. By considering the statistical properties of our space we defined the annihilation and the creation operators as excited operators. We suggested that the ordinary particles are excited. In some way, the excitation is related to the dimension of the space in consideration and its statistical properties. We proved that these operators are generators of the unified particles algebra, given in the section 3, by discussing the cases of the dimension and the statistical parameter, in the last section. Then the obtained algebra unifies the bosonic, fermionic and anyonic algebras. Also, we gave the anyonic algebra as a deformed version of C λ -Extended Heisenberg Algebra.
